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MEANS OF PROVIDING SAFE HAVEN WITHIN BUILDINGS DURING 
CHEMICAL OR BIOLOGICAL ATTACK 

Related Applications 

The present invention is related to U.S. Patent Application Serial No. 09/281,738, entitled 
METHOD AND APPARATUS FOR SEALING BUILDING DUCTWORK DURING 
CHEMICAL OR BIOLOGICAL ATTACK, filed March 30, 1999. 

Field of the Invention 

The present invention is related generally to building heating, ventilating, and air 
conditioning. More specifically, the present invention is related to methods and devices 
for providing a room environment within a building capable of sustaining human life 
during a chemical or biological attack. 

Background of the Invention 

The recent demise of the cold war and decline in super-power tensions has been 
accompanied by an increase in concern over the viability of weapons of mass destruction 
such as chemical and biological (CB) weapons. CB weapons include chemical agents 
such as phosgene, nerve agents such as Sarin, and biological agents such as anthrax or 
small pox. CB weapons may be delivered to occupants within a building by releasing the 
agents external to the building but close to an air intake of the building. The air intake 
may be located near the ground or near the roof or somewhere in between, depending on 
the building architecture. Agents may also be released within a public area of a building 
and be dispersed to other, private areas of the same building. Agents released in one area 
of a building may be further dispersed by the heating, ventilating, and air conditioning 
(HVAC) system of the building. It is possible that building air may be removed from the 


room of release and dispersed by the HVAC system itself through the building. If 
building air is recycled by mixing return air with intake air, as is sometimes the case, 
either intentionally or inadvertently, then the HVAC system may effectively deliver an 
agent from one room to another or even to the entire building. 

Agents may be delivered in vehicles giving some warnings as to the delivery, 
such as missiles. Agents may be delivered in vehicles giving no warning, such as a 
pedestrian held putative asthma inhaler activated near an air intake. Certain buildings, 
such as key military sites, can be equipped or designed well in advance to deal with the 
use of CB weapons. Some buildings may be partially protectable given sufficient lead 
time. Other buildings, however, such as hotels that are hosting dignitaries or a head of 
state may be more susceptible to a CB weapons attack. 

What would be desirable is a room in a building capable of serving as a safe 
haven from CB attack for a limited period of time. What would also be desirable are 
devices and methods for rapidly converting an existing room in even a public building 
into a safe haven on very short notice. 

Summary of the Invention 

The present invention includes a room in a building capable of sustain human life 
for a limited time in the face of a chemical or biological attack or other type of 
catastrophic situation (e.g., tornadoes) that require evacuation to one room. The room is 
preferably sealed off from ventilation air supply and return ducts and vents. The door is 
preferably sealed around the edges. In one embodiment, the room is originally and 
specially built to serve as a safe haven from chemical and biological attack. In another 


embodiment, a room is retrofitted to serve as a safe haven. In yet another embodiment, a 
room is rapidly sealed and adapted to serve as a safe haven. 

The room can include an oxygen source capable of providing gaseous oxygen to 
the inhabitant or inhabitants. One embodiment includes compressed oxygen in a cylinder 
as the source. Another embodiment includes a chemical oxygen generator utilizing the 
decomposition of a chemical solid. Yet another embodiment utilizes a granular chemical 
solid which generates oxygen when added to water and preferably operates in 
conjunction with a second, rate controlling chemical such as a catalyst. Other oxygen 
sources which can be used in various ways include pressure swing absorption units and 
electrolytic units. Some oxygen sources require venting to the outside, with the venting 
specially pre-built in some embodiments and added quickly through a water trap in other 
embodiments. 

The invention also includes a carbon dioxide scrubber to remove gaseous carbon 
dioxide from the room atmosphere. One embodiment of the scrubber includes a chemical 
compound capable of adsorbing or otherwise fixing or binding the gaseous carbon 
dioxide. The scrubber can include a fan to improve the efficiency of the scrubber. Some 
embodiments include a chemical air revitalizer capable of both absorbing carbon dioxide 
and generating oxygen. 

The invention includes devices for sealing the room from air supply and return 
ducts. These devices include inflatable bladders for insertion into air ducts and quickly 
curing chemical foam generators for blockage of air vents and ducts. 


Brief Description of the Drawings 
Figure 1 is a highly diagrammatic, perspective, cutaway view of a conventional 
building HVAC system shown delivering a harmful agent from a public area return air 
5 duct to private areas in the building interior; and 

Figure 2 is a highly diagrammatic, perspective, cutaway view of a sealed room in 
a building having an oxygen generator, a carbon dioxide scrubber, an external power 
source, blocked air vents, and an oxygen generator exhaust tube. 

Detailed Description of the Invention 
10 The nature of the problem to be dealt with can be understood by referencing 

Figure 1. Figure 1 illustrates a building 20 including a public atrium area 23 and having a 
conventional building heating, ventilating, and air conditioning (HVAC) system 22 not 
having any duct isolation equipment in place. HVAC system 22 is illustrated 
transporting harmful agent 46 through return air ducts 34 and dispersing it as externally 
15 released cloud 44. Air intake 24 and exhaust 26 are connected to a series of ducts 
including large, usually rectangular chambers or ducts such as chamber 28, and 
intermediate sized, usually rectangular, ducts 30. Intermediate ducts 30 split off into a 
series of smaller, often circular, ducts 32, which feed a series of room diffusers 38. 
Return air vents 36 and return air ducts 34 return air either to be expelled outside the 
20 building or be mixed with fresh air intake. Heating, cooling, humidification, and 
dehumidification functions are often performed in large chambers such as chamber 28, 
and in more local intermediate sized chambers 40 and 42. Mixing and/or recirculation 
can be performed by a return air duct 48. 
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Figure 1 illustrates an internally released harmful agent cloud 46 dispersed in 
public atrium 23 near return air vents 36. Harmful agent 46 has been transported through 
return air ducts 34 and dispersed as externally released cloud 44. Return air ducts 34 are 
also connected through return air duct 48, into intake chamber 28, and may internally 
5 release harmful agent cloud 47 through diffusers 38. As illustrated, the harmful agent is 
delivered from a public portion of the building to the private areas of the building by the 
HVAC system and to the exterior near the building as well. A room 50 within the 
building is illustrated, as a possible candidate for conversion to a safe haven for use 
during a chemical or biological attack. 

10 Referring now to Figure 2, a room 100 is illustrated, after conversion to a safe 

haven for shelter from a harmful agent attack such as a chemical or biological attack. 
The present invention includes buildings having safe haven rooms that were initially built 
to serve that purpose and were built at the same time as the building or were added 
through extensive room addition and/or renovation. The present invention also includes 

15 buildings having a room renovated after moderate or minor construction to serve as a safe 
haven. Finally, the present invention includes methods and kits for rapidly adapting a 
room in a building into a safe haven. Room 100 serves to illustrate the features which 
can be present in specially built rooms, renovated rooms, and hastily adapted rooms. 

Room 100 includes walls 102, a ceiling 104, a floor 106, and a door 108. Room 

20 100 is also shown having a toilet 110, the significance of which is later described. Room 
100 is supplied ventilation air by a supply duct 1 14 through a supply grill 116. The room 
normally has room air removed from the room by a return duct 1 1 8 through a return vent 
120. While some embodiments have rooms not connected to building HVAC ducts, in a 
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preferred embodiment, the room is connected to the building HVAC system and later 
sealed off from that system. 

A room according to the present invention is preferably sealed off from the 
surrounding building air as much as is possible once use as a safe haven is desired. In 

5 specially built and retrofitted rooms this is possible using mechanically closeable and 
sealable ducts and vents. Typical duct air valves or dampers can be used with additional 
flexible edges and by using custom sized inflatable gas bladders, sized to fill the 
particular geometry of a given air duct. Additionally, closeable airtight vent closure 
devices can be installed near existing air vents. In rapidly adapted rooms, the sealing can 

10 be accomplished using a kit which can include inflatable gas bladders as described in 
copending U.S. Patent Application Serial No. 09/281,738, filed March 3, 1999, entitled 
METHOD AND APPARATUS FOR SEALING BUILDING DUCTWORK DURING 
CHEMICAL OR BIOLOGICAL ATTACK, herein incorporated by reference. The use 
of such a kit is illustrated in Figure 2 having an inflated gas bladder 126 inserted well into 

15 duct 114 through vent 116. Another embodiment described in the referenced patent 
application is illustrated in a cured foam block 128 occluding vent 118. Another means 
for sealing the room is illustrated in a sealing tape 130 used to seal door 108. A tape such 
as duct tape can be used to seal around doorjambs as well as sealing room supply and 
return vents. 

20 In use, the sealing devices can be activated when a harmful agent attack is 

detected, either automatically or manually. In specially built or retrofitted rooms, wall 
controls are preferably in place well prior to any attack. In these embodiments, the duct 
sealing devices can be quickly actuated and signals sent to central HVAC controls to shut 
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off building air blowers. In the rapidly adapted room embodiment, room vents can be 
removed and foam and/or inflatable bladders inserted into ducts entering the room. A 
canister of a rapidly curing polymeric foam can be activated and inserted into a duct to 
seal the duct, even in the face of incoming supply air, particularly when the vent has also 

5 been covered with sealing tape. Sealing tape, such as duct tape, can be used either alone 
or in combination with other devices to seal vent openings into rooms. In one method for 
rapidly adapting a room, a vent grill is removed, a bladder inserted well into the duct and 
inflated, substantially if not totally occluding the duct. The bladder, if even partially 
successful, will substantially reduce airflow to the room and can be followed by a can of 

10 expanding, rapidly curing foam inserted into the duct. The foam can be followed by the 
installation of an airtight gasket over the vent opening into the room which can be held in 
place by the existing vent grill. 

It is estimated that a 10 by 12 foot room contains sufficient oxygen to sustain one 
human being for about six hours. With additional people present and more safe haven 

15 time required, an oxygen supply is needed. An oxygen supply device is generally 
indicated by an oxygen supply 132, having a supply tube 134 and an optional face mask 
136. Face mask 136 can be used to deliver oxygen directly to a human inhabitant where 
trying to supply the entire room is contraindicated. 

Several oxygen sources are within the scope of the invention. In one 

20 embodiment, an oxygen tank containing compressed oxygen is used as the source to 
supply oxygen to the room. In another embodiment, the oxygen is supplied by 
chemically produced oxygen using a reaction similar to that used to supply oxygen to air 
plane passenger face masks, a technology well known to those skilled in the art. One 
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source of oxygen is an oxygen-generating candle which produces oxygen upon ignition 
and decomposition of the candle. One such candle includes an oxygen source such as 
sodium chlorate, a metal powder fuel such as manganese, and an additive to suppress 
residual chlorine such as calcium hydroxide. See for example, U.S. Patent No. 

5 5,338,516, herein incorporated by reference. 

In one embodiment, the oxygen is generated by adding a chemical compound to 
water, where the resulting reaction generates oxygen. The chemical reaction often is 
catalyzed by addition of a second compound. Examples of one such oxygen generator 
may be found in U.S. Patent No. 4,508,700, herein incorporated by reference. Water- 

10 based oxygen generators are well known to those skilled in the art and are sold by 
companies such as Hoshiko Medical Laboratories, Inc., Kamoto, Japan and Dorcas Co., 
Ltd., Korea. Some water-based chemical generators have the advantage of not requiring 
external power and can have the rate of oxygen generation varied by varying the amount 
of catalyst present. Chemicals used in water-based chemical generators can include an 

15 addition compound of sodium carbonate and hydrogen peroxide. The catalyst can 
include manganese dioxide powder. 

Other oxygen sources may also be suitable for the present invention, such as 
pressure swing absorption units (PSAs). PSA units do not generate oxygen, but 
preferentially separate the oxygen from nitrogen in the air. For this reason, the use of 

20 PSA in a closed system can present problems, making their use a less preferred 
embodiment. These problems can be handled by locating the PSA unit out of the room, 
but this requires the use of filtering the outside air against incoming harmful agents. In 
PSA units having sufficient filtering, the oxygen can be supplied using PSA from outside 
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air, with the oxygen feed into the room. The PSA unit requires power to operate, which 
may present a problem when there is the possibility of power loss. 

Another type of oxygen generator suitable for use in the present invention is an 
electrolytic generator, using water as the oxygen source. Electrolytic generators also 

5 require power to operate. In electrolytic generators, electricity is used to electrolytically 
separate water into oxygen and hydrogen. As hydrogen gas is highly explosive, it must 
be removed from the closed system atmosphere. This can be problematic when the room 
has been sealed. One method for removing the hydrogen gas includes absorbing the gas 
on a metal hydride. Examples of metal hydrides include nickel-mischmetal-calcium 

10 alloys. See for example U.S. Patent Nos. 4,096,639 and 4,152,145, herein incorporated 
by reference. One method for removal of hydrogen gas includes venting the gas though a 
water trap 112 which can lead through a plumbing drain 122 to a stack 124. A vent tube 
138 from oxygen source 132 can be snaked through water trap 112 and into stack 124. 
The hydrogen gas can thus be vented into the waste stack. As hydrogen gas is lighter 

1 5 than air. It will rise through the stack and out of the building. Water traps are commonly 
present in sinks, toilets, bathtubs, and shower stalls. 

Yet another source of oxygen includes solid-state converters that can convert 
carbon dioxide into oxygen and carbon monoxide. Again, these converters may require 
venting and require a makeup source of oxygen to replenish the oxygen lost to the stack. 

20 Solid-state converters require electrical power which can present an unwanted 
requirement. Examples of solid-state converters include solid oxide electrolysis cells, for 
example, cells containing Yttria Stabilized Zirconia. Oxygen sources requiring power 
can be powered by sources such as batteries or by generators external to the room. A 
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generator or electrical source 140 is illustrated coupled to oxygen source 132 through 
power lines 142 inserted through a sealed hole 144 in wall 102. In use, such power lines 
can be run under the door if sufficiently flat followed by sealing. A hole such as hole 144 
can be rapidly formed in wall 102 in rapidly adapted room embodiments of the invention. 
5 Specially built rooms or converted rooms can have one-way exhaust tubes pre-built into 
the room. 

While a sealed 10 by 12 foot room may contain sufficient oxygen to sustain one 
human for several hours, the carbon dioxide buildup will require other measures before 
the oxygen depletion. The present invention includes a scrubber 146 which can be used 

10 to scrub carbon dioxide from the room to maintain the carbon dioxide concentration 
below a certain level. Carbon dioxide scrubbing compounds are well known and can 
include such chemicals as caustic alkali and soda lime. In some embodiments, the 
scrubber is assisted by a fan and can be powered by either internal or external sources, 
such as by power line 142. The oxygen lost to the scrubber as carbon dioxide is 

15 preferably replaced by gaseous oxygen generated by chemical sources or supplied by 
compressed gaseous oxygen, such that the oxygen level in the room does not drop below 
safe limits. 

In one embodiment of the invention, an air revitalization compound is used which 
both removes carbon dioxide and generates oxygen. Room air can be revitalized by 
20 passing the air through the material. Potassium superperoxide is an example of one such 
air revitalization compound. Another air revitalization compound is described in U.S. 
Patent No. 4,238,464, herein incorporated by reference. 
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In all oxygen sources and carbon dioxide removal devices used in the present 
invention, selection of particular devices will include factoring in power availability and 
the suitability for closed systems. In particular, those skilled in the art will recognize the 
need to prevent the release of unwanted byproducts such as harmful gases or excess heat 

5 into the closed room. The selection of which embodiment of the present invention to use 
will vary from application to application. 

Numerous advantages of the invention covered by this document have been set 
forth in the foregoing description. It will be understood, however, that this disclosure is, 
in many respects, only illustrative. Changes may be made in details, particularly in 

10 matters of shape, size, and arrangement of parts without exceeding the scope of the 
invention. The invention's scope is, of course, defined in the language in which the 
appended claims are expressed. 
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